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FIG. 1 (CONVENTIONAL ART)
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1
SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application 1s a Continuation Application of U.S.
patent application Ser. No. 12/142,460 filed Jun. 19, 2008,
now U.S. Pat. No. 7,755,944 which claims benefit to Korean
Patent Application No. 10-2007-0060483 filed on Jun. 20,
2007, the contents of which are herein incorporated by refer-
ence 1n their entireties.

FIELD OF THE INVENTION

The present mnvention relates to a semiconductor memory
device, and more particularly, to an electrically erasable and
programmable non-volatile semiconductor memory device.

BACKGROUND OF THE INVENTION

FIG. 1 illustrates the pattern of a transier transistor unit
installed 1n a row decoder of a conventional NAND-type flash
memory. A transfer transistor transmits a wordline enable
signal corresponding to a wordline address and a selection
gate enable signal to a block selected from a memory cell
array. To simplify the drawing and explanation, a case where
there are 8 transier transistors will be described.

The transfer transistor unit includes transfer transistors Q0

through Q7 to transmit the wordline enable signal to word-
lines WL through WL7. Each transfer transistor 1s an NMOS
transistor formed on a p-type substrate and 1s structured such
that a source/drain region has a satisfactory resistance against
a program voltage and an erase voltage.

Referring to FIG. 1, during a program operation, a thresh-
old voltage of a transfer transistor, 1.¢., 20+Vth, for example,
22V, 1s applied to the gates of the transier transistors Q0
through Q7. As aresult, 20V 1s applied to a selected wordline
among the wordlines WLO0 through WL7. In addition, OV 1s
applied to non-selected wordlines adjacent to the selected
wordline and 10V 1s applied to the other non-selected word-
lines.

The lower portions of the transfer transistors Q0 through

Q3 are arranged 1n order of CG1 (WL1), CG3 (WL3), CGO
(WLO0), and CG2 (WL2), and therefore, a potential difference
between the transier transistors Q1, Q3, Q0, and Q2 adjacent
cach other in X directions (1.e., X1, X2, and X3) 1s suppressed
to 10 V. In addition, the upper portions of the transfer transis-
tors Q4 through Q7 are arranged 1n order of CG5 (WL5S), CG7
(WL7), CG4 (WL4), and CG6 (WL6), and therefore, a poten-
tial difference between the transfer transistors Q35, Q7, (4,
and Q6 adjacent each other in the X directions X1, X2, and X3
1s suppressed to 10 V. Further, a potential difference between
the transfer transistors Q0 and 4, and Q3 and Q7, adjacent
cach other in Y directions (1.e., Y1,Y2, Y3, and Y4) 1s sup-
pressed to 10V,

In order to prevent current from leaking due to the potential
difference described above, the arrangement of transfer tran-
sistors 1n the transier transistor unit can be controlled so that
a distance between the transfer transistors 1s optimized. How-
ever, a transier transistor for driving a select transistor 1s
different from a transier transistor for driving a wordline, and
therefore, a distance therebetween may be difierent.

SUMMARY OF THE INVENTION

Some embodiments of the present mvention provide a
semiconductor memory device for preventing current leakage
and reducing 1ts occupying area when a dummy wordline 1s

added.
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According to some embodiments of the present invention,
there 1s provided a semiconductor memory device including a
memory cell array comprising a plurality of memory blocks,
cach memory block comprising a plurality of memory cells, a
dummy memory cell, and a select gate transistor. The
memory device may include a block selection circuit config-
ured to select a memory block from the plurality of memory
blocks. There may also be provided a plurality of wordline
enable signal lines configured to transmit a voltage to a plu-
rality of wordlines associated with the plurality of memory
blocks, and a plurality of transfer transistors each having a
current path connected between a corresponding one among
the wordline enable signal lines and a corresponding one
among the wordlines and being controlled by an output of the
block selection circuit, the plurality of transier transistors
including at least one dummy transier transistor configured to
transmit a dummy wordline enable signal.

The dummy memory cell may be interposed between a
memory cell at one end among the plurality of memory cells
and the select gate transistor and may be excluded from data
storage.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments therecol with reference to the
attached drawings 1n which:

FIG. 11s a plan view of a transfer transistor umt installed in
a row decoder of a conventional semiconductor memory
device;:

FIG. 2 1s a circuit diagram of a part of a row decoder and a
memory cell array i a NAND-type flash memory device
according to some embodiments of the present invention;

FIGS. 3 and 4 are plan views of a transfer transistor unit
installed in the row decoder 1llustrated 1n FI1G. 2 according to
some embodiments of the present invention; and

FIG. 5 1s a plan view of the transfer transistor unit 1llus-
trated 1n FI1G. 4 for explaining a potential difference between
transfer transistors.

DETAILED DESCRIPTION OF THE INVENTION

The present 1invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This mven-
tion may, however, be embodied 1n many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will tully
convey the scope of the invention to those skilled 1n the art.
The scope of the present mvention will be defined by the
claims. Therefore, well-known processes, element structures
and technology will not be described in detaill in some
embodiments of the present invention i order to avoid
ambiguousness. Embodiments of the present mmvention
described hereinafter 1mplicate their complementary
embodiments. In the drawings, like numbers refer to like
clements throughout.

It will be understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
1s referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. As used herein, the term “and/or” includes any
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and all combinations of one or more of the associated listed
items and may be abbreviated as */.”

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first signal could be termed a second signal, and,
similarly, a second signal could be termed a first signal with-
out departing from the teachings of the disclosure.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and *“the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
turther understood that the terms “comprises” and/or “com-
prising,” or “includes™ and/or “including” when used 1n this
specification, specily the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this ivention belongs. It will be further understood
that terms, such as those defined 1n commonly used dictio-
naries, should be imterpreted as having a meamng that 1s
consistent with their meaning 1n the context of the relevant art
and/or the present application, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

A semiconductor memory device according to some
embodiments of the present mvention will be described 1n
detail with reference to FIG. 2 below. FIG. 2 1s a circuit
diagram of a part of a row decoder and a memory cell array 1n
a NAND-type flash memory device according to some
embodiments of the present invention. Referring to FIG. 2,

the memory device includes a decoder 1, a booster 2, a trans-
fer transistor unit 3, and a NAND cell block 4.

A row address or pre-decode signals A0, Al, . .., Am
corresponding to the row address are provided to the decoder
1 and decoded by the decoder 1. As a result, at least one
NAND cell block 4 1n a memory cell array 1s selected by the
decoder 1. A decode signal 1s output from the decoder 1 and
1s provided to the booster 2. The booster 2 controls a gate line
5 of the transier transistor unit 3 to provide wordline enable
signals CG0 through CG31 over lines corresponding to a
wordline address, and selection gate enable signals SG1 and
SG2 to the selected NAND cell block 4.

The transfer transistor unit 3 includes transfer transistors
Q0 through Q31 configured to respectively transmit the word-
line enable signals CG0 through CG31 from wordline enable
signal lines to wordlines WL0 through WL31. The transfer
transistor unit 3 may also include transier transistors ST1 and
ST2 respectively configured to transmit the selection gate
enable signals SG1 and SG2 to selection gate lines SSL and
GSL. In addition, the transfer transistor unit 3 may also
include transfer transistors DQ1 and DQ2 (heremafter,
referred to as “dummy transier transistors”) respectively con-
figured to transmit dummy wordline enable signals DCG1

and DCG2 from dummy wordline enable signal lines to
dummy wordlines DWL1 and DWL2.

When the NAND cell block 4 1s selected, the booster 2 may
apply a predetermined voltage to the gate line 5 of the transfer
transistor unit 3 1n response to the decode signal output from
the decoder 1 to turn on the gate line 5. Conversely, when the
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NAND cell block 4 1s not selected, the gate line 5 of the
transter transistor unit 3 1s grounded so that 1t 1s turned off.

In the NAND-type flash memory device according to the
embodiments of the present invention, a single NAND cell 4a
may include two select gate transistors S1 and S2 and
memory cells MCO through MC31 (memory cell transistors
MCO0 through MC31). Further, the NAND cell 4¢ may also
include a dummy memory cells DC1 disposed between the
select gate transistor S1 and the memory cell MCO0, and a
dummy memory cell DC2 disposed between the select gate
transistor S2 and the memory cell MC31.

The gates of the select gate transistors S1 and S2 are
respectively connected with the selection gate lines SSL and
GSL. The current paths of the memory cells MCO0 through
MC31 are connected 1n series between first ends of the current
paths of the select gate transistors S1 and S2, and the gates or
control gates thereol are respectively connected with the
wordlines WL0 through WL31. A second end of the current
path of the select gate transistor S2 1s connected with a source
line SL and a second end of the current path of the select gate
transistor S1 1s connected with a bitline BL0O among a plural-
ity of bitlines BL.0O through BL;.

The memory cells MC0 and MC31 are respectively adja-
cent to the select gate transistors S1 and S2 on one side and
respectively adjacent to the memory cells MC1 and MC30 on
the other side and the select gate transistors S1 and S2 are
different from the memory cells MCO0 through MC31 1n terms
of structure and operating voltage. Accordingly, the memory
cells MCO0 and M(C31 adjacent to the select gate transistors S1
and S2 have different coupling capacitance than the other
memory cells MC1 through MC30. Therefore, the memory
cells MCO and MC31 adjacent to the select gate transistors S1
and S2 may have different operating characteristics than the
other memory cells MC1 through MC30. To compensate for
such difference, the dummy memory cells DC1 and DC2 may
be respectively disposed between the select gate transistor S1
and the memory cell MCO0 and the select gate transistor S2 and
the memory cell MC31.

These dummy memory cells DC1 and DC2 are excluded
from data storage. The dummy memory cells DC1 and DC2

may have the same size as transistors forming the memory
cells MCO through MC31. Due to the dummy memory cells

DC1 and DC2, the memory cells MC0 and MC31 at both ends
have lett-right symmetry similar to that of the memory cells
MC1 through MC30 1n the middle. As a result, all of the
memory cells MC0 and MC31 have the same condition of
adjacent memory cells, and therefore, program and erase
characteristics become the same with respect to all of the
memory cells MCO and MC31.

As shown in the current embodiments of the present inven-
tion, the NAND cell 4a includes the 32 memory cells MCO
through MC31. But a persons having skill in the art will
recognize that the number of memory cells included 1n the
NAND cell 4a may vary. For example, the number of memory
cells included 1n the NAND cell 4a may be 16 or 64, among
other possibilities.

The NAND cell block 4 1s selected by the row address or
the pre-decode signals A0 through Am of the row address.
Next, when an address of the wordlines WL 0O through WL31
or the dummy wordlines DWL1 and DWL2 1n the NAND cell
da 1s selected, the memory cells MCO through MC31 or the
dummy memory cells DC1 and DC2 are accessed.

FIGS. 3 and 4 are plan views of a transier transistor unit
(1.e., transier transistor unit 3 of FIG. 2), which may be
installed 1n a row decoder 1n a semiconductor memory device
according to some embodiments of the present mvention.
Referring to FIGS. 3 and 4, the transfer transistor unit in the
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row decoder may include the transter transistors Q0 through
Q31 to transmit the wordline enable signals CG0 through

CG31 from wordline enable signal lines to the wordlines
WLO through WL31. The transfer transistors ST1 and ST2
may transmit the selection gate enable signals SG1 and SG2
to the select gate lines SSL and GSL, respectively. Further, the
dummy transier transistors DQ1 and DQ2 minimize a poten-
tial difference during a program operation.

In the transfer transistor unit, the dummy transier transis-
tors DQ1 and DQ2 may be disposed adjacent to the transier
transistors ST1 and ST2 configured to transmit the selection
gate enable signals SG1 and SG2. In addition, the dummy
transfer transistor DQ1, which may transmit the dummy
wordline enable signal DCG1 from a dummy wordline enable
signal line to the dummy wordline DWL1, may be disposed
apart from the select gate transistor S1 (of FIG. 2). Similarly,
the dummy transfer transistor D(Q2, which may transmait the
dummy wordline enable signal DCG2 from a dummy word-

line enable signal line to the dummy wordline DWL2, may be
disposed apart from the select gate transistor S2 (of FIG. 2).

In detail, referring to FIG. 3, the transter transistors DQ1,
DQ2, ST1, ST2, and Q0 through Q31 may be arranged 1n
order and operation of: the dummy transier transistor D(Q2
configured to transmit the dummy wordline enable signal
DCG2 to the dummy wordline DWL2, the dummy transfer
transistor DQ1 configured to transmit the dummy wordline
enable signal DCG1 to the dummy wordline DWLI1, the
transier transistor ST2 configured to transmit the selection
gate enable signal SG2 to the selection gate line GSL, the
transier transistor ST1 configured to transmit the selection
gate enable signal SG1 to the selection gate line SSL, and the
transier transistors Q0 through Q31 respectively configured
to transmit the wordline enable signals CGO0 through CG31
from wordline enable signal lines to the wordlines WLO
through WL31. An 1solation gap d1 between the dummy
transier transistor DQ1 and the transier transistor ST2 and
between the transter transistor ST1 and the transter transistor
Q0 1s greater than an 1solation gap d2 between the dummy
transfer transistors DQ1 and DQ2 (or a gap between the
dummy transfer transistor DQ1 or DQ2 and a transfer tran-
s1stor QQ closest to the dummy transter transistor DQ1 or DQ2
among the transier transistors Q0 through Q31). The transfer
transistors Q0 through Q31 may respectively transmit the
wordline enable signals CG0 through CG31 from wordline
enable signal lines to the wordlines WL0 through WL 31.

Referring to FI1G. 4, the transier transistors DQ1, DQ2,
ST1, ST2, and Q0 through Q31 may be arranged in order and
operation of the transier transistor ST2 configured to transmut
the selection gate enable signals SG2 to the selection gate line
GSL, the transfer transistor ST1 configured to transmit the
selection gate enable signals SG1 to the selection gate line
SSL, the dummy transier transistor DQ2 configured to trans-
mit the dummy wordline enable signal DCG2 to the dummy
wordline DWL2, the dummy transfer transistor DQ1 config-
ured to transmit the dummy wordline enable signal DCG1 to
the dummy wordline DWL1, and the transter transistors Q0
through Q31 respectively configured to transmit the wordline
enable signals CG0 through CG31 from wordline enable
signal lines to the wordlines WLO through WL31. Here, an
1solation gap d3 between the transfer transistor ST1 and the
dummy transier transistor DQ2 may be the same as or greater
than an 1solation gap d2 between the dummy transfer transis-
tor DQ2 and the dummy transfer transistor DQ1, or between
the dummy transier transistor DQ1 and the transter transistor
Q0. The 1solation gap d3 may be less than the 1solation gap d1
illustrated in FIG. 3.
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When the dummy transfer transistors DQ2 and DQ1 are
disposed before the transter transistors ST2 and ST1 as 1llus-
trated 1n FIG. 3 or the dummy transfer transistors DQ2 and
DQ1 are disposed between the transier transistors ST2 and
ST1 and the transfer transistors Q0 through Q31 as illustrated
in FIG. 4, gate lines of the transfer transistors DQ1, DQ?2,
ST1, ST2, and QO through Q31 can be 1solated from one
another, thereby increasing reliability.

When the dummy transfer transistors DQ2 and DQ1 are
disposed between the transfer transistors ST2 and ST1 and
the transter transistors Q0 through (Q31, as illustrated 1 FIG.
4, the dummy transier transistors DQ2 and DQ1 may function
as a butler between the transter transistors ST2 and ST1 and
the transier transistors Q0 through Q31. In addition, the 1so-
lation gap d3 between the transier transistor ST1 and the
dummy transfer transistor DQ2 and the isolation gap d2
between the dummy transier transistor DQ1 and the transier
transistor Q0 illustrated 1n FIG. 4 may be less than the 1sola-
tion gap d1 between the dummy transier transistor DQ1 and
the transfer transistor ST2, or between the transfer transistor
ST1 and the transfer transistor Q0 illustrated 1n FIG. 3, so that
the increase 1n an occupying area due to addition of the
dummy transier transistors DQ1 and DQ2 can be minimized.

In addition, referring to FIGS. 3 and 4, tungsten wires
(lines) are drawn out from wordline terminals in the transfer
transistor umt 3 and extend toward memory cells. The tung-
sten wires may be connected with poly silicon wires or poly-
cide wires forming the wordlines WL0 through WL31 1n a
memory cell array so that the wordlines WL0 through WL31
are arranged 1n order of wordline addresses. Since the pitch of
the wordlines WL through WL31 1n the memory cell array 1s
the most fine 1n design rules, it 1s necessary to arrange the
wires drawn out from the wordline terminals of the transier
transistor unit 3 (heremafter, referred to as the “drawn wires™)
in the same pattern as wires of the wordlines WL0 through
WL31 (heremnafter, referred to as the “wordline wires”) 1n
order to easily connect the drawn wires with the wordline
wires. In addition, 1t 1s preferable that the drawn wires are led
to the wordline wires on a metal wiring layer as close as
possible to a wordline wiring layer (here, e.g., the poly silicon
wires or the polycide wires), which 1s a control gate of
memory cells. If the number of metal wiring layers where the
drawn wires are connected with the wordline wires increases,
the control gate of the non-volatile memory device undergoes
a via contact process 1n a floating state and memory cells may
experience process damage. Accordingly, 1t 1s preferable to
draw the wires and allocate addresses as illustrated 1n FIGS.
3 and 4, instead of crossing the drawn wires 1n the transfer
transistor unit 3.

As described above, when drawn lines from the wordline
terminals of transfer transistors are arranged in the same
pattern as wordlines 1n a memory cell array, the drawn wires
can be easily connected with the wordlines having very strict
design rules. In addition, when the drawn wires from the
wordline terminals of the transier transistors to the wordlines
are laid out on a metal layer one layer up from a wiring layer
forming the wordlines, connection change between metal
layers can be eliminated. As a result, unnecessary process
damage on a control gate of wordlines or a non-volatile
memory device can be reduced. Also, when a transier tran-
sistor unit includes dummy transier transistors, current leak-
age can be prevented without increasing a gap between the
transier transistors.

Hereinafter, bias conditions when the wordline WLO0 cor-
responding to the wordline enable signal CG0 1s selected in a
semiconductor memory device according to some embodi-
ments of the present invention will be described with refer-
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ence to FIGS. 2, 4, and 5. FIG. 5 1s a plan view of the transfer
transistor unit 1llustrated 1n FIG. 4 for explaining a potential

difference between transfer transistors.

Referring to FIGS. 2, 4, and 5, when the memory cell MC0
1s a selected cell, the wordline WL 1s a selected wordline.
The other memory cells MC1 through MC31 are non-selected
cells. When data 1s programmed to a memory cell, program
data may usually be transmitted to a bitline first. According to
some embodiments of the present invention, the NAND-type
flash memory device may program every memory cell
selected by a single wordline at a time to 1increase a program
speed and may have a data latch corresponding to a unit 1n
which data 1s programmed at a same time, for example, 512
bytes. The data latch may transmit a power supply voltage
Vdd to a bitline BL for “1” program cells and transmit a
ground voltage (1.e., 0 V) to the bitline BL for “0” program
cells. In addition, a row decoder driving voltage VRDEC may
be applied to a selected block having a wordline to be pro-
grammed and a voltage, for example, 30 V, higher than the
row decoder dniving voltage VRDEC may be applied to the
gate 5 of the transfer transistor unit 3. Accordingly, the power
supply voltage Vdd may be applied to the gate of the select

gate transistor S1 1n the selected NAND cell 4q and a channel
in the NAND cell 4a may be precharged via the bitline BLO.

Next, a potential VPASS, for example, about 10V, may be
applied to all non-selected wordlines WL2 through WL31
except for the non-selected wordline WL1 adjacent to the
selected wordline WL0, and to the dummy wordlines DWL1
and DWL2. Next, a program voltage VPGM, for example,
about 30 V, may be applied to the selected wordline WLO, so
that the selected memory cell MCO0 1s programmed.

The row decoder selectively transmits a wordline voltage
and a dummy wordline voltage. In this row decoder, a poten-
tial difference between the transfer transistor ST1 and the
dummy transier transistor DQ1 may be, for example, 7.8 V
and a potential difference between the dummy transier tran-
sistor and the transfer transistor Q1 may be, for example,
about 20 V. These potential differences are much less than a
potential difference when the dummy transfer transistors
DQ1 and DQ?2 are not disposed between the transier transis-
tors ST1 and Q1. Accordingly, current leakage caused by the
potential difference between the transfer transistors ST1 and
Q1 can be prevented, and therefore, reliability 1s increased.

As described above, a semiconductor memory device
according to some embodiments of the present invention
includes a dummy transfer transistor in a row decoder,
thereby preventing current from leaking and reducing its
occupying area. Therefore, the competitiveness of products
can be increased.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes 1n forms and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.
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What 1s claimed:

1. A semiconductor memory device comprising:

a transfer transistor unit including a plurality of transistors
cach of which transmits a control signal to a correspond-
ing line; and

a memory cell array including a plurality of memory
strings each of which includes a first selection transistor,
a first dummy cell, a plurality of memory cells, which are
connected 1n series,

wherein the plurality of transistors comprises a first trans-
fer transistor coupled to the first selection transistor
through the corresponding line, a first dummy transier
transistor coupled to the first dummy cell through the
corresponding line and, and a plurality of cell transfer
transistors coupled to the plurality of memory cells
through the corresponding lines respectively,

wherein the first transfer transistor, the first dummy trans-
fer transistor and at least one of the plurality of cell
transier transistors are arranged in order toward the
memory cell array.

2. The semiconductor memory device of claim 1, wherein
an 1solation gap between the first transfer transistor and the
first dummy transistor 1s larger than an 1solation gap between
the first dummy transier transistor and the at least one of the
plurality of cell transfer transistors.

3. The semiconductor memory device of claim 1, wherein
a gate of the first transier transistor and a gate of the first
dummy transfer transistor are separated from each other.

4. The semiconductor memory device of claim 1, wherein
a gate of the first dummy transier transistor are separated from
a gate of the at least one of the plurality of cell transfer
transistor.

5. The semiconductor memory device of claim 1, wherein
cach of the plurality of memory strings further includes a
second selection transistor and a second dummy cell, and the
plurality of transistors further comprises a second transier
transistor coupled to the second selection transistor through a
corresponding line and a second dummy transier transistor
coupled to the second dummy cell through a corresponding
line.

6. The semiconductor memory device of claim 3, wherein
the second and first transfer transistors, the second and first
dummy transier transistors and at least one of the plurality of
cell transfer transistors are arranged in order toward the
memory cell array.

7. The semiconductor memory device of claim 6, wherein
an 1solation gap between the first transfer transistor and the
second dummy transistor 1s larger than an 1solation gap
between the first dummy transfer transistor and the at least
one of the plurality of cell transter transistors.

8. The semiconductor memory device of claim 6, wherein
an 1solation gap between the first transier transistor and the
second dummy ftransistor 1s larger than an isolation gap
between the first dummy transfer transistor and the second
dummy transfer transistor.
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